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$q_{k}^{(n+1)}+e_{k-1}^{(n+1)}=q_{k}^{(n)}+e_{k}^{(n)}$ , $(k=1,2, \ldots, m)$
$q_{k}$ $e_{k}$ $=q_{k+1}e_{k}$ ,$(n+1)(n+1)$ $(n)(n)$ $(k=1,2, \ldots, m-1)$
(1)
$e_{0}^{(n)}\equiv 0$ , $e_{m}^{(n)}\equiv 0$ , $(n=0,1, . . )$
.
[9] . , $q_{k}^{(n)},$ $e_{k}^{(n)}$ $n$ $q_{k},$ $e_{k}$
. $\{q_{k}^{(n)}, e_{k}^{(n)}\}$ $\{q_{k}^{(n+1)}, e_{k}^{(n+1)}\}$
. $q_{k}^{(0)}>0$ $e_{k}^{(0)}>0$ , $narrow\infty$ $q_{k}^{(n)},$ $e_{k}^{(n)}$
$c_{k}>0,0$ [13].
, $q_{k}^{(n)}$ $narrow\infty$ $c_{k}$ $\overline{q}_{k}^{(n)}$ .
, $\overline{q}_{k}^{(n)}$ $:=q_{k}^{(n)}-c_{k}$ . , $\{\overline{q}_{k}^{(n)}, e_{k}^{(n)}\}$ $\{q_{k}^{(n+1)}, e_{k}^{(n+1)}\}$
.
Lemma 2.1 $\tilde{b}_{k}=\tilde{b}_{k}(\overline{q}^{(n)}, e^{(n)})$ $\overline{q}^{(n)}$ $:=(\overline{q}_{1}^{(n)},\overline{q}_{2}^{(n)}, \ldots,\overline{q}_{m}^{(n)})^{T}\in R^{m}$ $e^{(n)}:=$
$(e_{1}^{(n)}, e_{2}^{(n)}, \ldots, e_{m-1}^{(n)})^{T}\in R^{m-1}$ . $|\overline{q}_{k}^{(n+1)}|<c_{k}(k=1,2, \ldots, m)$
, (1) $q_{k}^{(n)}=\overline{q}_{k}^{(n)}+c_{k}$ , $\overline{q}_{k}^{(n+1)},$ $e_{k}^{(\mathfrak{n}+1)}$
$\{$
$\overline{q}_{k,(n+1)}^{(n+1)}=-\alpha_{k-1}e_{k-1}^{(n)}+\overline{q}_{k}^{(n)}+e_{k}^{(n)}-\tilde{b}_{k-1}$
, $(k=1,2, \ldots, m)$
$e_{k}$
$=\alpha_{k}e_{k}^{(n)}+\tilde{b}_{k}$ , $(k=1,2, . . , m-1)$
(2)
. , $\tilde{b}_{0}\equiv 0$ $\alpha_{k}$ $:=c_{k+1}/c_{k}$ . , $\tilde{b}_{k}$ 1
$\nabla_{(\overline{q}^{(n)},e^{(n)})}\tilde{b}_{k}$ $(\overline{q}^{(n)}, e^{(n)})=(0,0)$ $0$ . ,
$\{\begin{array}{ll}\tilde{b}_{k}(0,0)=0, \nabla_{(\overline{q}^{(\mathfrak{n})},e^{(n)})}\tilde{b}_{k}(0,0)=0, (k=1,2, \ldots, m-1)\nabla_{(\overline{q}^{(\mathfrak{n})},\epsilon^{(n)})} := \frac{\partial}{\partial^{\overline{q}_{1}^{(n)}}}\frac{\partial}{\partial e_{1}^{(n)}’}\cdots\frac{\partial}{\partial^{\overline{q}_{m-1}^{(n)}}}\frac{\partial}{\partial e_{m-1}^{(n)}’}\frac{\partial}{\partial^{\overline{q}_{m}^{(n)}}}I^{T}\cdot\end{array}$ (3)
, $c_{1}>c_{2}>\cdots>c_{m}>0$ , $r^{(n)}:=(r_{1}^{(n)}, r_{2}^{(n)}, \ldots, r_{m}^{(n)})^{T}$
. , $r_{k}^{(n)}=r_{k}^{(n)}(\overline{q}^{(n)}, e^{(n)})$ . , $\{r^{(n)}, e^{(n)}\}$ $\{r^{(n+1)}, e^{(n+1)}\}$
.
Lemma 2.2 $A$ $:=I\in R^{m\cross m},$ $B$ $:=diag(\alpha_{1}, \alpha_{2}, \ldots, \alpha_{m-1})\in R^{(marrow 1)x(m-1)},$ $a$ $:=$
$(a_{1}, a_{2}, \cdots, a_{m})^{T}\in R_{f}^{m}b:=(b_{1}, b_{2}, \cdots, b_{m-1})^{T}\in R^{m-1}$ . , (2)
$\{\begin{array}{l}r^{(n+1)}=Ar^{(n)}+a(r^{(n)}, e^{(n)})e^{(n+1)}=Be^{(n)}+b(r^{(n)}, e^{(n)})\end{array}$ (4)
. , $(r^{(n)}, e^{(n)})=(0,0)$ $a,$ $b$ $Da=\nabla_{(r^{(n)},e^{(n)})}a^{T}$ ,
$Db=\nabla_{(r,e)}(n)(\mathfrak{n})b^{T}$ .
$\{\begin{array}{ll}a(0,0)=0, Da(0,0)=0,b(0,0)=0, Db(0,0)=0\end{array}$ (5)
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Lemma 2.2 [1] , (1)
$\psi_{Toda}^{(n)}$ : $(r^{(n)}, e^{(n)})\mapsto(r^{(n+1)}, e^{(n+1)})$ .
Theorem 2.1 (1) $q_{k}^{(n)}=q_{k}^{(n)}(r^{(n)}, e^{(n)})$ . $|q_{k}^{(n+1)}-c_{k}|<$
$c_{k}(k=1,2, \ldots, m)$ , $\psi_{Toda}^{(n)}$ : $(r^{(n)}, e^{(n)})-\rangle$ $(r^{(n+1)}, e^{(n+1)})$ (4) .
, $\psi_{T_{0}da}^{(n)}$ $h\tau$ $da$ : $R^{m}arrow R^{m-1}$ .
Theorem 2.1 , $\psi_{Toda}^{(n)}$ $h\tau$ $da$
. $n=n_{0}$ $|q_{k}^{(n+1)}-c_{k}|<c_{k}$





$\{\begin{array}{ll}u_{k}^{(n+1)}(1+\delta u_{k-1}^{(n+1)})=u_{k}^{(n)}(1+\delta u_{k+1}^{(n)}), (k=1,2, \ldots,2m-1)u_{0}^{(n)}\equiv 0, u_{2m}^{(n)}\equiv 0, (n=0,1, \ldots, ) \end{array}$ (6)
. \S 2 [9]
. , $\delta$ , $u_{k}^{(n)}$ $n$ $u_{k}$
. (6)
. (6) 2
$[6, 7]$ . $narrow\infty$ $u_{2k-1}^{(n)}arrow t_{k},$ $u_{2k}^{(n)}arrow 0$
. $t_{k}>0$ . , $\overline{u}_{2k-1}^{(n)}$ $:=u_{2k-1}^{(n)}-t_{k}$
. , $\{\overline{u}_{2k-1}^{(n)}, u_{2k}^{(n)}\}$ $\{\overline{u}_{2k-1}^{(n+1)}, u_{2k}^{(n+1)}\}$
.
Lemma 3.1 (6) $u_{2k-1}^{(n)}=\overline{u}_{2k-1}^{(n)}+t_{k}$ . ,
$\tilde{f}_{k}=\tilde{f}_{k}(\overline{u}^{(n)}, u^{(n)}),\tilde{g}_{k}=\tilde{g}_{k}(\overline{u}^{(n)}, u^{(n)})$ $\overline{u}^{(n)}$ $:=(\overline{u}_{1}^{(n)},\overline{u}_{3}^{(n)}, ...,\overline{u}_{2m-i}^{(n)})^{T}\in R^{m},$ $u^{(n)}$ $:=$
$(u_{2}^{(n)},u_{4}^{(n)}, \ldots, u_{2m-2}^{(n)})^{T}\in R^{m-1}$ . $\max_{k}|\overline{u}_{2k-1}^{(\mathfrak{n}+1)}|<\delta^{-1}$ max$k|u_{2k}^{(n+1)}|<$
$\delta^{-1}$ , $\{\overline{u}_{2k-1}^{(n+1)}\}_{k=1,2,\ldots,m},$ $\{u_{2k}^{(n+1)}\}_{k=1,2,\ldots,m-1}$ $\overline{u}^{(n)},$ $u^{(n)}$
$\{\begin{array}{l}\overline{u}_{2k-1}^{(n+1)}=-\delta t_{k}\beta_{k-1}u_{2k-2}^{(n)}+\overline{u}_{2k-1}^{(n)}+\delta t_{k}u_{2k}^{(n)}+\tilde{f}_{k}(\overline{u}^{(\mathfrak{n})},u^{(n)})u_{2k}^{(n+1)}=\beta_{k}u_{2k}^{(n)}+\tilde{g}_{k}(\overline{u}^{(n)}, u^{(n)})\end{array}$ (7)
. , $\beta_{k}$ $:=(1+\delta t_{k+1})/(1+\delta t_{k})$ . $\tilde{f}_{k},\tilde{g}_{k}$
$\nabla_{(\overline{u}^{(\prime\cdot)},u^{(n)})}\tilde{f}_{k}$ , $\nabla_{(\overline{u}^{(n)},u^{(n)})}\tilde{g}_{k}$ .
$\{\begin{array}{ll}\tilde{f}_{k}(0,0)=0, \nabla_{(\overline{u}^{(n)},u^{(n)})}\tilde{f}_{k}(0,0)=0,\overline{g}_{k}(0,0)=0, \nabla_{(\overline{u}^{(n)},u(n))}\tilde{g}_{k}(0,0)=0,\nabla_{(\overline{u}^{(\mathfrak{n})},u^{(n)})};= \frac{\partial}{\partial\overline{u}_{1}^{(n)}’}\frac{\partial}{\partial u_{2}^{(n)}’} \frac{\partial}{\partial\overline{u}_{2m-3}^{(n)}’}\frac{\partial}{\partial u_{2m-2}^{(n)}’}\frac{\partial}{\partial\overline{u}_{2m-1}^{(n)}})^{T}.\end{array}$ (8)
Lemma 3.1 .
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Lemma 3.2 $v^{(n)}$ $:=(v_{1}^{(n)}, v_{3}^{(n)}, \ldots, v_{2m-1}^{(n)})^{T}\in R^{m},$ $v_{2k-1}^{(n)}=v_{2k-1}^{(n)}(\overline{u}^{(n)}, u^{(n)}),$ $t_{1}>t_{2}>$
$>t_{m}$
$\{\begin{array}{l}v^{(n+1)}=Fv^{(n)}+f(v^{(n)},u^{(n)})u^{(n+1)}=Gu^{(n)}+g(v^{(n)},u^{(n)})\end{array}$ (9)
, $F$ $:=diag(1,1, \ldots, 1)\in R^{mxm},$ $G:=diag(\beta_{1}, \beta_{2}, \ldots,\beta_{m-1})\in R^{(m-1)\cross(m-1)}$
. $f,$ $g$ $Df=\nabla_{(v^{(n)},u^{(n)})}f^{T},$ $Dg=\nabla_{(v^{(\mathfrak{n})},u^{(n)})}g^{T}$
$0$ . , $f(0,0)=0,$ $g(0,0)=0$ $Df(0,0)=0,$ $Dg(0,0)=0$
.
[1] Lemmas 3.1, 3.2 ,
(6) $\psi_{LV}^{(n)}$ : $(v^{(n)}, u^{(n)})\mapsto(v^{(n+1)}, u^{(n+1)})$ .
Theorem 3.1 (6) $u_{2k-1}^{(n)}=u_{2k-1}^{(n)}(v^{(n)}, u^{(n)})(k=$
$1,$ 2, . , $m$) . $\max_{k}|\overline{u}_{2k-1}^{(n+1)}|<\delta^{-1}$ $\max_{k}|u_{2k}^{(n+1)}|<\delta^{-1}$ ,
$\psi_{LV}^{(n)}$ : $(v^{(n)}, u^{(n)})rightarrow(v^{(n+1)}, u^{(n+1)})$ (9) , $\psi_{LV}^{(n)}$
$h_{LV}$ : $R^{m}arrow R^{m-1}$ .
, $M>0$ $0< \max_{k}|u_{k}^{(n)}|<M$ [7].
$n$ $\min_{k}|\overline{u}_{2k-1}^{(n+1)}|<\delta^{-1}$ $\min_{k}|u_{2k}^{(n+1)}|<\delta^{-1}$
$\delta$
. , (6) $\delta$
, $\psi_{LV}^{(n)}$ $n$ .
(1) $\psi_{Toda}^{(n)}$ ,
4.
(1) (6) , \S 2, \S 3
[1] . ,
$T(x,y)=(\mathcal{A}x+\zeta(x,y),$ $\mathcal{B}y+\chi(x,y))$ , $x\in R^{m}$ , $y\in R^{m-1}$ (10)
$\mathcal{T}$ : $R^{2m-1}arrow R^{2m-1}$ . , $\mathcal{A}$ $\mathcal{B}$
1 1 , $\zeta,$ $\chi$ $(x, y)=(O, 0)$
$\{\begin{array}{ll}\zeta(0,0)=0, D\zeta(0,0)=0,\chi(0,0)=0, D\chi(0,0)=0\end{array}$ (11)
$C^{2}$ . , $D\zeta,$ $D\chi$ $\zeta,$ $\chi$ . ,
$\mathcal{T}$ $h$ . ,
, .
Theorem 4.1 (Carr) $\phi$ : $R^{\ell_{1}}arrow R^{\ell_{2}}$ $C^{1}$ $\phi(0)=0,$ $D\phi(0)=0$ .
$\phi$ .
$M\phi(x)=\phi(\mathcal{A}x+\zeta(x, \phi(x)))-\mathcal{B}\phi(x)-\chi(x,\phi(x))$ . (12)
$p>1$ $xarrow 0$ $M\phi(x)=O(|x|^{p})$ , $h$ $xarrow 0$
$h(x)=\phi(x)+O(|x|^{p})$ .
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\S 2, \S 3 , (1)
(6)
$\{\begin{array}{l}x^{(n+1)}=\mathcal{A}x^{(n)}+\zeta(x^{(n)},y^{(n)})y^{(n+1)}=\mathcal{B}y^{(n)}+\chi(x^{(n)},y^{(n)})\end{array}$ (13)
. (13) $n$ $n+1$ , $\mathcal{T}$ :
$(x^{(n)},y^{(n)})-\rangle(x^{(n+1)}, y^{(n+1)})$ . (13) $x^{(n)}$
2 .
Theorem 4.2 (Carr) (13) , $\mathcal{T}$ $h$
$z^{(n+1)}=Az^{(n)}+\zeta(z^{(n)}, h(z^{(n)}))$ . (14)
.
Theorem 4.3 (Carr) (13) (14) .
, (13) $(x^{(n)}, y^{(n)})$ $(x^{(0)}, y^{(0)})$ , (14)
. , $n$ $|x^{(n)}-z^{(n)}|\leq\kappa\epsilon^{n}$ $|y^{(n)}-h(z^{(n)})|\leq\kappa\epsilon^{n}$
(14) $z^{(n)}$ . , $\kappa,$ $\epsilon$ $0<\kappa,$ $0<\epsilon<1$
.
(6) , $\delta$
, Theorem 4.1–4.3 (6)
.
Theorem 4.4 (6) $(u_{2k-1}^{(n)}, u_{2k}^{(n)})$ , $(u_{2k-1}^{(n.)}-t_{k}, u_{2k}^{(n.)})$
$n=n_{*}$ , $(t_{k}, 0)$ .





, \S 2, \S 3 . \S 4 , [6, 7, 13]
.
,






[8] $QR$ [10] ,
.
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